were living on the Society Islands. About 93 percent of the population born in French Polynesia defined themselves as Maori or of mixed Maori origin in the 1988 census, the last census to record ethnic information.
The highest thyroid cancer incidence rates are observed in the South Pacific. The highest incidence of 35/100,000 (world standardized) was observed among Melanesian women in New Caledonia in 1985-1992 (1) . In 1985-1995, thyroid cancer incidence in French Polynesia was 17/100,000 among native French Polynesian women, 1.8-fold higher than among the native Maori population in Hawaii and 2.6-fold higher than among Maoris in New Zealand (2) .
Substantial variations in thyroid cancer incidence in the world population strongly suggest that environmental factors play a role in the etiology of this cancer. Ionizing radiation has been identified as the main risk factor for differentiated papillary thyroid carcinoma (3) (4) (5) (6) (7) . Menstrual and reproductive factors are suspected because of a much higher incidence among females and the probable implication of hormonal factors, be they endogenous hormones such as estrogens and thyroid-stimulating hormones, as suggested in observational studies (8) (9) (10) (11) (12) , or exogenous hormones such as oral contraceptives, which were shown to increase the risk in a pooled analysis of case-control studies (13) . Several menstrual and reproductive factors seem to play a role, although the results of studies are contradictory . A high number of births has been shown to be related to a higher risk of thyroid cancer (15, 22, 34, 36) , whereas miscarriage at first pregnancy has been alternately suspected to increase (28, 29, 34) or lower (36) the risk of thyroid cancer, suggesting that the potential relation between pregnancy and thyroid cancer should be further explored. In addition, an older age at menarche and at menopause was found to be related to thyroid cancer in a pooled analysis (28) .
To explain the high incidence of thyroid cancer in French Polynesia, we performed a case-control study to investigate the potential role of French atmospheric nuclear testing between 1966 and 1974 on Mururoa and to study other risk factors, notably the role of hormonal factors in thyroid cancer risk among native women in this Pacific population.
MATERIALS AND METHODS
The study was approved by the French Polynesian Ethics Committee. Consent forms were written in the French and Polynesian languages, and written informed consent was obtained from all participants so that we could contact their physicians.
Case selection
All patients diagnosed with thyroid cancer before the age of 56 years and born and living in French Polynesia were eligible for the study. Prevalent cases were identified from the cancer registry of French Polynesia, medical insurance files, and the four endocrinologists in Tahiti. The pathologic characteristics of tumors were obtained from the two histopathology laboratories (one public and one private) in Tahiti and from the medical files of endocrinologists. Mixed ) were not interviewed because they refused to participate (n ¼ 2), had died (n ¼ 13), could not be contacted (n ¼ 4), or were too ill to be interviewed (n ¼ 1). The study population thus consisted of 201 female cases.
Matching process
For each eligible case, two potential controls, matched on date of birth (AE6 months) and sex, were selected at random from the French Polynesia registry of births, which records all inhabitants born in French Polynesia. To do so, an SAS random number generator was used (SAS Institute, Inc., Cary, North Carolina). At the end of the interviews, a few cases could not be matched to interviewed controls. Each of these cases was matched to a control initially selected for another case of the same gender and with the same date of birth. Matching on date of birth was then extended if necessary. Finally, of the 201 interviewed cases, 78 were matched to one control (39 percent) and 123 to two controls (61 percent), and the difference in date of birth ranged from 6 to 17 months for 23 controls.
Contacting controls and conducting interviews
Of the 404 randomly selected controls, 80 (20 percent) were not interviewed because the subjects had died (n ¼ 8), could not be contacted (n ¼ 28), were too ill to be interviewed (n ¼ 2), had moved away from French Polynesia (n ¼ 16), or refused to participate (n ¼ 26). A total of 324 female controls were thus included.
Data collection
The addresses of cases and controls were obtained from the territorial medical insurance plan, which covers all inhabitants, whatever their professional status. Interviewers repeated attempts to reach cases and controls until they succeeded and, when needed, corrected missing or erroneous addresses by questioning municipal registries and the participants' last neighbors. All participants were contacted by mail or phone. Interviews were conducted face-to-face by trained Polynesian interviewers and medical staff using a structured questionnaire. Most interviews were conducted in French; very few were conducted in the Polynesian language, mainly for the oldest participants. Some cases were interviewed at the hospital on the day of their usual followup consultation. Data collection included their ethnic group, lifetime weight changes, personal and family history of thyroid disease and cancer, places of residence, education and occupation, gynecologic and reproductive factors, medical x-ray exposure, and diet at both the time of the interview and during childhood. This paper focuses on menstrual and reproductive factors.
Analyzed parameters
Ethnic group of subjects was classified into four categories according to participants' parents' ethnicities: 1) Polynesian (both father and mother Polynesian), 2) Poly-Asian (at least one parent of Asian or of mixed Polynesian-Asian origin but none of European origin), 3) Poly-European (at least one parent of European or of mixed Polynesian-European origin but none of Asian origin), and 4) mixed PolynesianAsian-European origin. Ethnic group, reclassified as ''Polynesian'' versus ''mixed,'' was used for the stratified analysis. Educational level, height, and body mass index were considered as continuous variables. Women were considered naturally menopausal if their menstruation ended more than 1 year before the reference age. Therapeutic abortions, ectopic pregnancies, and voluntary abortions were considered ''induced abortions'' for the analysis. Women for whom total duration of lactation was 2 months or less were considered to have never breastfed.
Statistical analysis
Data were analyzed by using conditional logistic regression (37) with SAS software, version 9.1 (SAS Institute, Inc.). The PHREG procedure was used, which allows for analysis of a matched 1:m design. A control was allocated a reference age equal to the case's age at the time of diagnosis. Only events or exposures that occurred before the reference age were considered for the analysis. Odds ratios were adjusted for ethnic group, educational level, height, body mass index, and interviewer. Because each interviewer did not always interview cases and controls belonging to the same strata, we adjusted on ''interviewer'' because some answers may have been influenced by variability in confidence between women and interviewers concerning intimate questions. Analyses were also conducted by ethnic group (''Polynesian''/''mixed'') and by age group (<45, !45 years) corresponding to reproductive and postreproductive age. All statistical tests were two sided. To test the linear trends for continuous variables, these variables were treated as ordered categorical variables.
RESULTS

Characteristics of cases and controls
The characteristics of the 201 cases are described in table 1. Forty-three carcinomas (21 percent) were follicular, of which three were Hurtle cell carcinomas. Follicular carcinomas were larger than papillary carcinomas. One patient had both a papillary and a medullary carcinoma. Information on associated thyroid disorders was collected, but we did not document the circumstances of the diagnosis and were thus unable to separate incidental findings from symptomatic thyroid carcinomas. The mean difference in the date of birth between each case and her control(s) was 41.6 days (standard deviation, 80.6).
No difference in ethnic group or history of head and neck radiographic examinations before age 15 years was evidenced between cases and controls, but cases had a lower educational level and were heavier, were taller, and had a greater body mass index than controls (table 2).
Menstrual factors
Age at menarche. A nonsignificant increased risk of thyroid cancer was evidenced at an older age at menarche (p for trend ¼ 0.12 (table 3) ). This result was not significantly dependent on age (table 3) or on ethnic group (table 4) .
Menstrual cycle. Irregular menstrual cycles were not related to a higher risk of thyroid cancer (table 3); this result was not dependent on age (table 3) or on ethnic origin (table 4) .
Menopause. Compared with women who were still menstruating, naturally menopausal women had a twofold risk of developing thyroid cancer, whereas an artificial menopause conferred a 4.5-fold higher risk (table 3) . Similar results were observed among women of Maori origin and 
Reproductive factors
A nonsignificant increased risk of thyroid cancer was observed for parous women compared with nulliparous (table 6) , but no significant interaction was found between ethnic origin and number of births. A nonsignificant difference was observed according to the age group of the women: the trend was more apparent among women younger than age 45 years (p for trend ¼ 0.03) than among older women (p for trend ¼ 0.42) (table 5) .
No association with time since last birth was observed for ever parous or uniparous women. This finding was confirmed after restricting the analysis to women younger than 45 years of age. Thyroid cancer risk was not found to be linked to age at first birth or to the outcome of the first pregnancy. Ever having a miscarriage or an induced abortion was not associated with a significantly increased risk of thyroid cancer (table 5), even after adjusting on parity and when the analysis was restricted to ever-pregnant women.
No association was found with ever having breastfed or with duration of breastfeeding (table 5) .
Multivariate analysis
A multivariate analysis was conducted, including the strongest menstrual and reproductive risk factors related to thyroid cancer identified in the univariate analysis (p < 0.10) and the adjusting factors (ethnic group, educational level, height, body mass index, interviewer, and history of radiation to the head or neck for diagnostic purposes). Table 7 shows only those reproductive factors that remained significantly associated (p < 0.05) with the risk of thyroid cancer in the multivariate analysis, namely, menopausal status and number of births. Naturally menopausal women had a nonsignificant twofold risk of thyroid cancer, whereas artificially induced menopausal women had a fivefold risk compared with women who were still menstruating. The risk of thyroid cancer increased with number of births, with an odds ratio of 1.2 for each additional birth between one and seven, compared with that for nulliparous women, while eight or more births almost doubled the risk. When a parameterization with a single variable for number of births was considered, the odds ratio was 1.1 (95 percent CI: 0.98, 1.1) for each additional birth, and adding a dichotomous variable for eight or more births to this model significantly increased the fit of the data (p ¼ 0.04). Parameterization including three categories-nulliparous, uniparous, and two or more births-produced an odds ratio of 0.9 (95 percent CI: 0.35, 2.3) for uniparous and 1.4 (95 percent CI: 0.97, 2.1) for two or more births compared with that for a nulliparous status. Compared with such parameterization, adding the number of births exceeding two and fewer than eight as a continuous variable did not better fit the data (p ¼ 0.16). No significant interaction was evidenced between these factors.
Similar results concerning menopausal status and number of births were observed for papillary cancers (table 7) . The analysis was also stratified according to size of the cancer, and similar results were observed, although the relation with artificial menopause was stronger for women with a cancer measuring 10 mm or less (excluding those with associated metastasis, lymph node, or extravascular invasion, and multifocal cancers) (table 7) . Similar results were observed in a sensitivity analysis conducted after y Ca, number of cases; Co, number of controls; CI, confidence interval.
excluding 31 cases diagnosed before 1991 and their 53 controls, a period during which fewer cases were collected than in the later periods.
DISCUSSION
We found that a natural or an artificial menopause and an increasing number of births were associated with thyroid cancer risk in women born and living in French Polynesia and aged 55 years or less.
Controls were representative of the general population because they were selected from the registry of births. We were probably unable to exhaustively collect all cases of cancer diagnosed between 1984 (date of registry implementation) and 2003. However, given the geographic isolation of French Polynesia and the Polynesian public health system, only a few recent cases may have been missed by the cancer registry, the medical insurance system, and the endocrinologists in Tahiti. A 1996 investigation using all available sources of information added about 10 percent of cases that had not been registered in 1990-1995 (38) . Before 1984, completeness of our collection of cases is extremely low. For the other periods of diagnosis (i.e., 1984-1990 and 1996-2000) , we were unable to evaluate the completeness of our cases. However, a sensitivity analysis excluding the cases diagnosed during the 1981-1990 period, when fewer cases were included than in the later periods, showed that our findings remained unchanged. Including cases from this period therefore did not introduce any major bias.
Although interviewers went to great lengths to reach cases and controls, 28 (7 percent) controls could not be contacted and 26 (6 percent) refused to participate, representing four and two cases, respectively. When other reasons for failure to participate were included, the participation rate for controls (80 percent) was lower than that for cases (91 percent). Controls may have been less motivated because of the duration of the interview (90 minutes). A selection bias could therefore have occurred among either controls or cases but is unlikely to have strongly affected our results.
An older age at menarche was not significantly associated with a higher risk of thyroid cancer in our study, which is consistent with the results of the pooled analysis (OR ¼ 1.2, 95 percent CI: 1.0, 1.4 for age 15 years or older versus less than age 13 years) (28) . In a case-control study conducted in New Caledonia, this relation was restricted to women of European origin (OR ¼ 3.4, 95 percent CI: 1.0, 12.0 for those aged 15 years or older versus less than age 13 years) (34) . No relation was observed in a study conducted in Kuwait (36) .
We did not find that irregular menstrual cycles conferred a higher risk of thyroid cancer, unlike the finding observed for Melanesian women in New Caledonia (34) . This factor was not studied in the pooled analysis or in the Kuwaiti study (28, 36) .
We found that an artificial menopausal status conferred a higher risk of thyroid cancer compared with a premenopausal status, as observed in the pooled analysis (OR ¼ 1.8, 95 percent CI: 1.4, 2.4) (28). This relation was particularly strong among women with microcarcinomas, suggesting a surveillance bias resulting from a more thorough examination of the thyroid gland among women undergoing a surgical procedure such as hysterectomy. In New Caledonia, an artificial menopause and a history of oophorectomy or hysterectomy were not associated with a higher risk of thyroid cancer (34) . This difference could be due, at least in part, to a younger age at artificial menopause in our study compared with the New Caledonian study, in which a nonsignificant increased risk was evidenced for women less than 43 years of age at artificial menopause (OR ¼ 1.8, 95 percent CI: 0.7, 4.8). In the Kuwaiti study, no relation was observed with menopause, but the proportion of postmenopausal women was very small. Hysterectomy is often indicated secondary to menstrual disturbances (such as menorrhagia) likely to occur under certain hormonal conditions that are also related to thyroid cancer, as suggested by Luoto et al. (39) . Ever-parous, compared with nulliparous, women were not at significantly higher risk of thyroid cancer in our study, which is consistent with the New Caledonian and Kuwaiti studies (34, 36) . Only a weak association was observed in the pooled analysis (OR ¼ 1.2) (28). We found that risk of thyroid cancer increases with number of births, and this finding is in agreement with the New Caledonian and Kuwaiti studies, where women had a higher number of births (3.3 and 4.3, respectively), as in our study (3.2) . In New Caledonia, this risk was particularly observed among women less than 45 years of age, reaching 2.8 for six or seven births and then decreasing to 1.1 for eight or more births, whereas, in Kuwaiti women, 11 or more births conferred a twofold risk (95 percent CI: 0.7, 5.8). In the pooled analysis, however, women had less than two children on average, and no relation was observed. The role of hormonal factors may explain the relation between number of births and risk of thyroid cancer. It has been suggested that estrogens, which are elevated during pregnancy, induce the proliferation of malignant thyroid cells (10, 11) . Other hormonal factors that are elevated during pregnancy may be implicated. Thyroid-stimulating hormone and human chorionic gonadotropin were shown to be associated with thyrotropic activity in pregnant women (8) . Although exposure to elevated thyroid-stimulating hormone levels for several years has been shown to lead to the development of benign thyroid tumors, it very rarely leads to thyroid carcinoma (12) . The vulnerability of the pregnant woman's thyroid gland throughout repeated pregnancies could be hypothesized. In our study, this relation was not dependent on histology or on the size of the cancer.
A shorter time since the last birth was not related to a higher risk of thyroid cancer in our study, although a weak relation was observed in the pooled analysis (OR ¼ 0.9, 95 percent CI: 0.8, 1.0) among women less than 45 years of age and in Kuwait for women during the second or third year after their last pregnancy. We observed no relation with older age at first birth, as in Kuwait, unlike the finding from the pooled analysis in which women who gave birth to their first child at the age of 30 years or older had a 1.3-fold risk of thyroid cancer (95 percent CI: 1.0, 1.8). This finding could be explained by a lack of power in our study and the Kuwaiti study, where only 14 percent and 18 percent of women, respectively, had their first birth (or, for the Kuwaiti study, experienced a first pregnancy) at the age of 25 years or older compared with 40 percent in the pooled analysis.
No relation with miscarriage at first pregnancy or number of miscarriages was observed in our study. Contradictory results have been observed in previous studies. Although miscarriage at first pregnancy conferred a higher risk of cancer in the pooled analysis (OR ¼ 1.8, 95 percent CI: 1.2, 2.6) and in New Caledonian women (OR ¼ 2.3, 95 percent CI: 1.0, 5.6), Kuwaitis whose first pregnancy ended with a miscarriage were protected (OR ¼ 0.1, 95 percent CI: 0.03, 0.4), and their risk of thyroid cancer decreased significantly with an increasing number of miscarriages (p for trend < 0.05). Finally, induced abortion was not related to the risk of thyroid cancer in our study, which is consistent with the pooled analysis, whereas it conferred a threefold risk for New Caledonians.
Breastfeeding was not related to thyroid cancer in our study, as shown in the pooled analysis.
This study confirms the role of menstrual and reproductive factors in the risk of differentiated thyroid cancer, and especially the major role of menopause, particularly artificial menopause, and number of births for women less than 56 years of age in populations in the Pacific islands.
